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TlP49a (just called aa Simply T1P49 in previous 
reports {Kanemaki et al, 1997; Makino *r aL, 1998!} 
wa3 fgund in a rat nuclear proutin comple* that 
included the TATA^binding protein. TIP 49a pos- 
sesses multiple sequence motifs for ATPaae and 
DNA helicase. Since TIP49a structurally resembles 
proknryoHe DNA helicase RuvB, TIF49a presumed 
to be a putative DNA Helicase. We demonstrated 
TlP49a-related gene<fl) in variety organisms from 
human to archaea. Amino acid identities expressed 
as aligned Scores of human, yeasty and A. fuLgidus 
TIP49a gene counterparts to the rat sequence were 
99, 67, and 46, respectively. Strikingly, two homolo- 
gous regions of mammalian TlP*9a and bacterial 
RuvB exhibited an aligned score of 17-38. We dem- 
onstrated that the eukaryotic TEP49a counterparts 
were immunologically conserved. These lines of evi- 
dence show that the TIP49a gene is a notable exam- 
ple of a highly conserved gene among organisms. An 
extensive homology search revealed another class of 
TIP49-ceUted gene in the eukaryatea, designated as 
TTF49b. Moreover, a phyiogenetical study suggested 
that archaeal TIP49 genes belong to the TIP49b 
ancestor but not to the TIP49a one and that TIP49a 
evolved from TDP49b in accordance with divergence 
of archaea and eukarya* The TIP49 gene family is 
thought to play a fundamental role in a biological 
activity. 



Keywords: UNA helicase, TIP49, RuvB, molecular evolution, 
aligned score 

TIP49 (TBF-uiieracting protein 49) was originally 
isolated as a 456-arninO acid (a.a.) component of 
TBP (TATA-binding protein)-bound nuclear 
protein complexes purified from rat liver nuclear 
extracts (Kanemaki et al, 1997). In this study, we 
changed the nomenclature of this gene to TTP49a 
because the present work clarified the existence 
of another TIP49-related gene in eukaryotic 
genomes (see below). TTP49a has lots of struc- 
tural features such as Walker A/B (Walker et aL, 
1982) and some helicase motifs observed in 
ATPase/GTPase and/or ONA/RNA helicases 
(Cocbalenya and Koonin, 1993). Moreover, it 
exhibited a weak similarity with AAA ( ATPases 
associated with various cellular activities) family 
proteins (Confalonieri and Duguet 1995). 
TlP49a has two nuclear localizing signals, one 
starting at 229 (HKKK) and the other at 265 
(KPKK). Actually, a human homolog of TIF49a 
was localized in the nucleus and appeared as 
foci (Makino et aL 1998). Thus, TIP49a is catego- 
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TABLE I Conservation of TIP49-ndated proems in various organisms 1 
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rized as a nuclear protein. Our previous study- 
demonstrated an unusually high sequence simi- 
larity of TIP49a to prokaryofic RuvB, which is 
denoted as a recombination factor, is involved in 
branch migration of the HoUiday structure (an 
intermediate of homologous recombination), 
and possesses an intrinsic DNA helicase activity 
(Iwasaki ef ai, 1992; Tsaneva et d., 1993). Based 
on the available data, we specified TIF49a as a 
putative DNA helicase. In our most recent publi- 
cation, we reported the isolation of a human 
counterpart of rat TIP49a (Maiano ef d.,1998) 
and noticed that the rat and human genes were 
identical with only one a*a. substitution, 
implying that the TTP49a equivalent genes are 
evolutionary conserved. 

To obtain additional solid evidence to support 
trie above hypothesis, we analyzed the sequence 
similarities of T3P49a counterparts in various 
organisms. We found entire sequences of TEP49a 
counterparts in C, elegan$, 5. cerevisiae (Goffeau et 
al., 1997) and also in archaea (A. fulgidus) (Klertk 
et al r 1997), Fig. 1 demonstrates the sequence 



alignment of TIP49a homoiogs. The a.a. 
sequence identities expressed as aligned scores 
of the human, nematoda, yeast, and archaea pro- 
teins were 99, 56, 67, and 46 to rat HP49a, respec- 
tively. Surprisingly, rat TIP49a gave significantly 
high aligned scores to one of the bacterial DNA 
heBcases RuvB (Shinagawa et al., 1988; Tong and 
Wetmur, 1996) as 14 (E. arfi) and 19 (T. ther* 
muphilush When we focused on two homologous 
regions (regions 1 and 2, Fig, 1) between rat 
TEP49a and T. thermuphtius RuvB, the aligned 
scores were 38 and 24 for regions 1 and 2, respec- 
tively. In general, these high homology scores 
were unasuaL Table I shows sequence identities 
between mammalian proteins and their yeast, 
archaeal, and bacterial functional or structural 
homologs with respect to fundamental fac- 
tors /enzymes in nucleic acid dynamics that 
include RadSl for recombination (Shinohara et 
d., 1993), RNA polymerase H (RNA pol II) larg- 
est subunit (Allison fit ai. t 1985) and TBP for tran- 
scription (Horikoshi et al., 1989), and DNA 
polymerase a (DNA pol a) {Wong et al, 1988) for 
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FIGURE 1 Sequence alignment of TlP49a homology in various organisms Sequences from human TlP49a and archaea TIP45b 
CTIP49 of A./ulydu*) are aligned with rat TUM9a by CLUSTAL W program (Thompson ct til., 1994). An asterisk indicates an a.a. 
substitution (Val to He at a.a. 291) in die human counterpart. Sequences of T. Vrcrviaphihis RuvB were also aligned for two 
homologous regions regions 1 and 2. Identical amino 3cicis a t least between two sequences arc indicated by shadowing. The aj. 
sequence identities compared to rat TIF 49a are indicated in the bottom line as aligned scores according to the program 
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replication. As obviously notable, we were not 
able to observe any similarity between the 
human DN~A pel a and the bacterial one. A 
counterpart of DNA pol a has not been denoted 
in the archaea's genome. Though essential mam- 
malian transcription factor TBP showed 33% 
identity to the archaeai counterpart, it did not 
exhibit any homology to the sigma factor (a bac- 
terial transcription commitment factor). The 
aligned score of the RNA poi II to the bacterial 
RNA polymerase fT was 18. However, the largest 
subunit is just one component in the multiple 
protein complex comprising functional RNA 
pol II. Rad51 exhibited relatively high score (43) 
to its archaeai counterpart, whereas the score for 
mammalian KadSl to £. coli RecA was 15 even 
though RadSl has been established to be a func- 
tional homolog of RecA. Sequence identities of 
human TlP49a to archaeai TD?49 was also high 
(aligned score 46), and those between human 
TIP49a and bacterial RuvB were at least as high 
as those for RadSl as described above and indi- 
cated in Table L From these data, it is evident 
that TTP49a Is a one of the most conserved 
nuclear dynamics-related proteins. 

We carried out uruTiunoblotting of cellular 
proteins from several eukaryotes by using rat 
TIP49a polyclonal antibody (Fig. 2). This anti- 
body specifically detected TP49a protein in the 
rat liver nudear extract (Fig, 2, lane 2). Interest- 
ingly, the antibody also gave signals for proteins 
from heterologous organisms, whose sizes were 
nearly equivalent to the rat one. The size of the 
yeast protein was slightly larger than the rat one 
(Fig. 2, lane 5). This size difference is well con- 
sistent with sequence data because the yeast 
TIP49a homolog is 1 kDa larger than the rat pro- 
tein (Fig 1). As described below, we identified 
another TIP49-related gene: TD?49b. However, 
we detected only a single band in the rat extract 
(Kg. 2). Hence, the uTimuxioblorting bands in 
Fig. 2 axe thought to represent TIP49a homologs 
and not TlP49b. We suggest that TIP49a counter- 
parts in the eukaryotes are antigenically con- 
served well 




47,5 



1 2 3 4 5 

FIGURE 2 Crossreactivity of rat TlP49a antibody to protein* 
from various eukaryotes Imirmnciblottins of cell attracts 
(20 |ig) from various organisms was carried out by the alka- 
line phosphatase method (Prorrtega) employing polyclonal 
antibody against rat TIP49a. Arrowhead indicates the posi- 
tion ofTlF49a proteins. Uric I, HcLa cell nuclear extract; 
lane 2, rat live? nudear extract: lane 3, egg extract of X, tevis; 
lane 1 nuclear extract of D. ntclafio^nsHr vuanja: lane 5, 
Extract Of S. cerevisiat 



In the course of a database search for 
TIP49a-related genes, we found that yeast and 
nematoda contained another TTP49-relatcd gene 
in addition to the TlF49a counterpart We desig- 
nated this gene as TIP49b. This fact suggested to 
us the existence of a TIP49 gene family. We drew 
a phylogenetical tree using available complete 
TIP49 sequences according to the OLUSTAL W 
program (Thompson et al., 1994) (Fig. 3). We 
obtained sequence data of partial but significant 
length of TiP49-reIated genes from chicken 
(TTF49a: Takeda, S., personal communicadon) 
and human (TIP49b: Kanemaki, M, unpublished 
observation), and included them in the phyloge- 
netical tree. The results dearly indicated that 
TTP49 family genes could be categorized into 
two branches: HP49a and -b (Fig. 3). The origi- 
nally Isolated rat TTP49 gene was included in the 
TIP49a branch. From data for fragmented EST 
clones, we suppose that the mouse genome also 
contains a couple of TIP49-related genes. These 
lines of evidence suggest that eukaryotes com- 
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FICURE 3 FhyloeeiMstical tree of family gcnea Complete ^ sequences of TIP49a (ra t), YDKlSOc and & ±~ - 
was don* by the CLU5TAL W program 



monly harbor a couple of TIP49-reiated genes. 
We found that both TIP49a and -b sequences of 
C. elegans were more distant from the mamma- 
lian TTDP49 gene family than from the yeast one. 
We do not know the reason for this fact 

Archaea genome projects revealed that Afulg- 
idus and P. horitoshii had only one copy of the 
TIP49 gene. Phylogenetical analyses indicated 
that these archaeal TEP49-celated genes belong to 
the TIP49b branch (Fig. 3). Most interestingly, 
prokaryotic RuvB was calculated to be much 
closer to the HF49b branch than to the TlP49a 



one. If we use the complete human TIP49b 
sequence for the calculation/ sequence identity 
between RuvB and TIP49 "becomes elevated 
much more. We thus hypothesize that the 
TIP49b ancestor gene is the prototype of TTP49 
gene family, and was transmitted to bacteria and 
archaea. Then, the TIP49a gene diverged from an 
archaeal TIP49b ancestor when eukaryotes 
evolved from archaea. 

Determination of higher structure and func- 
tion forTIP49a/b remain to be done clarify the 
above issues. Although we consider TIP49a to be 
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a putative DNA helicase, its biological function 
is unknown- Since TIP49a is detected ubiqui- 
tously/ the TDP49a gene must play a fundamental 
and essential role in eultaryotes and archaea. 
TEP49a may be involved in transcription because 
it is included in the TBP-eontaining complex. 
Another general transcription factor, TFHH is 
known to possess multiple DNA helicase subu- 
nits (Svejstrup et aL t 1996). Alternatively, TIP49a 
may be classified as a recombination factor since 
it is significantly similar to bacterial RuvD in 
structure. 



ABBREVIATIONS USED 

TBP: TATA-binding protein, TIP; TBP-interact- 
ing protein, a,a.: amino acid; A. fulgidus, Aichae- 
ogbbus. fulgidus; T. thermaphilus, 
Thurmusaquntkus thennophilus; P. horikosliii, Pyo- 
coccus horikaslvi 
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